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Serial No. 09/993,080
Amendment Dated 05/09/2005
Reply to Office Action of 02/10/2005

REMARKS/ARGUMENTS

Claim rejections under 35 USC § 103

Claims 1-2, 4-6, 12-13, 25-26, 28-30, 36-37, 49, and 53-55 are rejected under 35
U.S.C. 103(a), as being unpatentable over Dunder E. et al. in Maize Transformation
by Microprojectile Bombardment of Immature Embryos, Springer-Verlag, Berlin-
Heidelberg; pages 127-138.

Applicants traverse the rejection. In order to expedite prosecution Applicants
have amended Claims 1, dependent claims thereof, and Claim 55. Claims 1 and 55
now indicate that the immature embryo will not come in contact with an extemal
source of auxin before the bombardment step is implemented.

Applicants respectfully point out that within the Vain et al. (1993), on page 84
under materials and methods, it states that the medium used contains 1.5 mgll of

- 2,4-D (Appendix A) This auxin-containing medium is used through out the protocol.
On page 85, top of column 1, the osmotic treatment described is the initiation
medium differing only in the concentration of sorbitol and/or mannitol
concentrations. The Vain et al. (1993) publication is attached to this response.
Dunder et al. {1995) states, on page 134, step 3, that prior to bombardment, “[p]late
the explants, embryo axis down, on a medium capable of inducing somatic
embryogenesis (as described earlier).” The publications do not teach stable
transformation without the use of auxin prior to or during bombardment. The claims
are therefore nonobvious.
| Applicants again point out that the publications indicate that stably

transformed maize plants were only obtained in experiments where the immature

embryos were bombarded a day or more after isolation. Claims are limited to stable
~ transformation.
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Serial No. 08/993,080
Amendment Dated 05/09/2005
Repty to Office Action of 02/10/2006

CONCLUDING REMARKS

Applicants have amended Claims 1, 4, 5, 6, and 55. Claims 2, 12, and 13
have been cancelled. Claims 1, 4-6, 25-28, 28-30, 36-37, 49, and 53-55 are now
pehding. No new matter has been added by amendment. Reexamination and
reconsideration of the claims as amended are respectfully 'requested. in view of the
above comments and amendments, withdrawal of the outstanding rejection and
allowance of the remaining claims is respectfully requested.

Respectfully submitted.

Kim M. Hagemann

Agent for Applicant(s)
Registration No. 52,982

PIONEER HI-BRED INTERNATIONAL, INC.
Corporate Intellectual Property

7100 N.W. 62™ Avenue

P.0O. Box 1000

Johnston, lowa 50131-1000

Phone: (515) 248-4878

Facsimile: (515) 334-6883
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Osmotic treatment enhances particle bombardment-mediated transient [ e w

and stable transformation of maize *

Philippe Vain!, Michael D. McMalien '+, and Joho I Finer?

! Depariment of Agrosomy and Ohio State Bioteohnology Center, The Ohlo Agricuhural Rescarch and Developraent Center,

The Ohin State University, Wooster, OH 44691, USA

2 Corn and Soybean Research Unit, Agricultural Rescarch Service, USDA

Reccived September 1, 1992/Revised version received November 2, 1992 — Communicated by G. C. Phillips

Summaury. The effects of osmotic canditioning on both
transient expression and stable transformation were cval-
uated by introducing plasmid DNAs via particle hom-
bardment into cmbryogenic suspension culture cells of
Zea mays (A188 x B73). Placcment of cells on an 0s-
moticum-containing medivm (0.2 M soshitol and 0.2 M
mannitol) 4 h prior to and 16 h afier bombardment re-
sulted in a statistically significant 2.7-fold increuse in
transient fi-glucuronidase cxpressios. Under these con-
ditions, an average of approximately 9,000 blue foci
were obtained from 100 ul packed cell volume of bom-
barded embryogenic tissue. Qsmotic conditioning of the
target cells resulied in a 6.8-fold incresse in recovery of
stably transforroed maize clones. Transformed fertile
plants and progeny were obtained from several trans-
formed cell lines. We- believe the basis of osmotic en-
huacement of Irunsient expression and stable transforma-
tion resulted from plasmolysis of the cells which may
have reduced cell damage by preventing extrusion of the
protoplasm from bombuarded cells.

Abbreviations: 2,4-D = 2,4-dichlorophenaxyacctic
acid, PCV = packed cell volume, GUS = 8-
glucuronidasc, NOS = nopaline synthase, PIG = Partl-
¢le Inflow Gun, PPT = phosphinothricia.

Introduction

Particle bombardment is valuable for both gene cx-
pression (Ludwig er al. 1990) and stable transformation

research (Christou & al. 1988). The basis of particle .

bombardment is the acceleration of small DNA-coated
pafticles toward cells resulting in the penetration of the
protoplasm by the particles and suhsequent expression of
the intruduced DNA. With certain plants, particle bom-
bardment is cucrrently the most efficient method for in-
troduction of foreipn DNA. Although there have been
many reports on optimization of physical bombardment
parameters (Klein ef al. 1988) and mndification to the
actual bombardiment device (Williams er al. 1991;
Suutter e al. 1991: Finer er al. 1992). limited data has

* Salaries and research support wese provided by State and Federul (unds appropriated to OSUJ/OARDC, USDA-ARS aud Ni T,
BIOCEM Ltd. Mcntton of trudemark ur proprietary products dows nol constitule a guarantec or warranty of the product by OSU/OARSE
or USDA, snd alsn docs nut imply approval to the cxclusion of other products that may also be suitable. Journal Arlicle No. 1779
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bean reported on cell preparution methods to make the
target lissue more receplive to particle gun-mediated
ransformation. ’

Benefits from culture vesting (Russell er al. 1992
cell filtration (Fiaer or al. 1992), and the use of cells is By
the proper phase of growth (Armalco ef al. 1990) or af Ejtaphos or glufo
the proper density (Finer ef al. 1992) have been ruportad in
for different species using the particle gun. Another!
factor affecting the efficiency of particle gun-mediated:
transformation is osmotic treatment of target tissues. AFBuemn flybridin
7- to J0-fold enhancement in stable transformation of
mijroorganisms (Armaleo et al. 1990; Shark ¢f ac;l. ’3&5
and nonembryogenic plant cells (Russell et al. | s :
was reported fgllowi:g culture on media -containing ‘M&hsl?g?:
maanito} and sorbitol. pUCGUS (F

Particle gun-mediated transformation of Zeo mayiRiinderg and Vol
has been reported by seversl Jaboratories (Fromm er al:fifusty described .
1990; Gordan-Kamm er af. 1990; Walters ef al. 1992}
and is currently the most efficient technique for produc§
tion of fertile, transgenic wuize plants. In this paper, W
describa the effect of osmotic treatment on transient ex
pression and stable transformation of embryogenic mai
cells and the recovery of fertile transgenic maize plapts.

Y
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Materials and Mcthods

Plara Tiszue Preparation: Type II embryogenic colius cuturms

maize (Zra mayy A188 x B73) were initiated and maintaine
AgNOjconisining medium s described proviowsly (Vain ¢ d2
1989). Buinhryogeaic surpeasion culturss wers initinted from type
smbryogenio callus ia o medium containing MS salla (Murnshigs
Skoop 1962), BS vitamins (Gamborg ¢f ol, 1968), 1% ucroze, 40
1.5 mg/l 2,9-D (pH 5.7). The suspensivn vullures were mainincd}
125 mi DoLong Rasks by weekly suhculture of 10-20 1 PCV of
sue into 30 mi of fresh muditin. Cel) culture st very low densily
o deteeminam fector for rupld establishmont and casy mainiensnce’
homagencous, fast-growing embryvgenic wipension culurss, 12
wspension cullunes were niviniained in the light (30 aEm2st; 16 B
ot 150 pm. Prior 1o bonhardinerd, embryogenic maize cclls @€
filtcred through a S60 um filier and 100 x) PCY was cvenly dispe
ona 7 em filter paper disc (Whatoan #4) forming a very thin 19
cclls. Dises were ciorcd on the mainteasnce medium solidified W%
agarose for thon periods of wuno. :

Jerome P. Ranch Appendix A
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~cle Bombantnent: Vlasmid DNA wos prosipitowed on tungsien
L < 1oy (M10, Sylvania) by mixing 10 of wagsicn (I mg/10 pl),

5 of DNA (4 pg/pf), 25 plof 2.5 M C.AClz, and 10 i of 100 mM
Biamidine (frec base). Aller S min 8t 4°C, 45 ) of the supenatal
o?{ cmoved and dissarded. Bombardments were performed vsing
SRR, pocticle Inflow Gun (Tiner i al. 1992) with n holium pressure of
g sl ond the aolcnoid sei ot 50 ms. Embryogenic maize eclls wers
3arc!¢4 with & 500 umn baMMy =nd placed at a distance of 37 in from
BXEEL. filler unit comaining te partislcs.

ic Treatments: The influcnce of osmotic treatments on Uransivat
reasion and etable tranafonnstion was texsied by incorporling vani-
o jons of sorbitol and/oe ot in the solidificd M$S
" iy uscd for the pre- sad post-hombardmeut sorage of the ceila
Snte 1). Ths initial osmotic icestment consisted of o 4 h pre-
' 1 with & 16 h post-ireaiment. The plasmid pGBS (CaMV3SS
Fomﬂ":l"--“h'l intronGUS coding region:NOS terminator) (Finer
%G 1997) was uscd for wansical expressina. Cullures wors sssayed
US octivity (efferson 1937) 48 b afice bombardment and the
Sombar of blus foct were counted. The plasmid pBARGUS
BMV3SS promoter:4dh-] iatron:BAR ceding rogion:NOS 1ermi-
St + Adh-1 promotwer:ddhe] inton-GUS coding region:NOS tor-
sator; Fromm e al. 1990) was used foe stoble teansformation ex-
mens.

Center,

Sombardment Treaonents: Selection [or PPT-qusistant malze
was initinted 48 b sfer bomburdment by plocing the Nltor cot-
g the cells on o solidificd MS medium conlainiog 3-5 mgfl of
phos or glufotinate. Filters were \ranaferrod 10 feesh harbicides
saing modium cvery 1S d and resisiant clones wers isolned afier
ccks. Plamis were regencrated following the procedure of Green
%ol (1983) snd ransferred 1o the grocnhousa.

heen

Xiishem Rybriditation Analysit: DNA fram caili and planis was 190

Hied by the CTAD prosedure {Saghai-Mumnf ¢i al, 1984). DNA was
Uigéstcd with Kpal (which elcsves pPBARGUS oace), clecirophoresed
0.8% agoraso gel and trsnsferred to Zotaproba mcmbesnss
Bad, Richmond, CA) using the protocol of Kewpter ef al. (1991).
MV 355 promotor was isolated as & HindlTVBamll frogment
RS pUCGUS (Fincr a0d McMulken 1990), rendom-prime labelled
RusFeinberg end Volgelstein 1983) and hybridized 1o membrancs a8 pee-”
S y dosoribed (Finer and MeMullcn 1991). :

Its and Discussion

ence of Osmotic Treaiment on Transien Expres-
glon.:
Y2 Osmotic tresiment of embryogenic maize cells for 4
k$hbefore and 16 h after tombardment eahanced transient
Sesression of the GUS gene 2.7-fold (fig. 1; Table 1).
osmoticum that was initially used consisted of a
re of equimolar mannitol and sorbitol which was
rted os the best osmoticum treatment for transfor-
n of microorganisms (Armaleo e al. 1990; Shark
nl. 1991). An sveruge of approximately 9,000 blue
were obtained from 100 ul PCV of cells placcd ona
Xium containing 0.4 M osmolicum (able 1). To de-
oc the optimum osmotic treatment for teansieot ex-
iision, we (ested mediu containing equimolar man-
and sorbitol to give a finul concentration of 0, 0.2,
0.4, 0.5, 0.6, and 0.8 M. Embryogenic maize celly

) pEaiats 19 Bed op a medium containing from 0.4 to 0.6 M os-
maize cels

Cum gave the highest numbers of blue foci 2 d fol-

ing borbardment (Fig. 2). For trunsient expression
dies, the 0.4 M mannitol/sorbital mixture was equiv-
to usc of 0.4 M manaito} (8,573 blue foci per
bardment) or 0.4 M sorbitol (8,256 blue fuci)
. The nurber of blue foci obtained per unit of
io this rcport represents a 6- to 7-fold improve-
1 by OSU/OA! over the number of transient expression foci pre-
. ele No. 17%

PIONEER HI-BRED

Figure 1. GUS expression in embryogenic maiz cells 2
d sfier bombardmeot: &) without osmotic {reatment
b) with osmotic treatment (0.4 M osmoticum).

viously reported for maize (Gordon-Kamm et al. 1991).

Further investigation of osmotic cahancement re-
vealed a synergism between the pre- and post-osmotic
{reatment (Table 1). Pretrestmeat alone resulted in a
43% increaso in transient cxpression while a post-treat-
meat by itself had no effcct. Whea 2 prestreatment was
performed with a post-treatment of various Jurations,
the length of tho past-treatmeat did aot affect trassient
expression. A benefit from the post-treatinent occurred
only if the pre-treatment did not exceed 24 h (Table 1).
With a 48 h pretrcatment, the cells may have been al-
tered (less responsive to transformation) from extended
exposure to osmoticum-containing medium. This alter-
ation could be osmotic adjustment (Turner and Jones
1980) ar reduction of cel proliferation (growth rmlo;
Hands e al. 1983) on an osmoticum-contsining
medium. It is interestiog that a 48 h osmoticum post-
{reatment was Dot detrimental to transicat expression,
indicating that the cells were more sensitive to pro-bom-
bardment manipulations. This seasilivity relates to
transformation competency rather than scasitivity of the
cells per se.
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“Table 1. Effoct of osmotic treatments on transient GUS expression in majze cells afier particle bombardmeat. I
- Osmotic treatinent (hours)! # of blue foci for
Before bombardment After bombardment 100 ul PCV of cells

0 0 327422
0 16 2608 *
4 0 4691
4 16 8789 ¢
4 | 9376 5
4 16 10178 2
4 24 82832
4 48 8077 2

48 16 2908 * 2 ‘

24 16 5676 N
7 16 7236 b¢ oS
4 16 8236 ¢ 53 5

N lOsmotic trestment consisted of cell storage on an MS medium containing 0.4 M esmoticum.
: 2Eqtrics followed by different lotters are significantly differeat at P=0.05 by one way anslysis of vadance. Each \bé

value is the mecan of 5-24 replications.

i e foci for 1. 1
; 10000 & of blue foci for 100ul PCV of cells
! - . 3 o )
8000 + . ’ . abd
o,
gooo | be
4
ed c
4000 4
2000 1
Y E— , X . s
" o 02M 0.3M 04M 05M 0.6M 0.83M

osmotic treatment

Figure 2. Effeet of various concentations of osmoticum
on transient GUS expression in embryogenic maize
e cells. Equimolar mannitol and sorbitol were used o give
the final molar concentration. A 4 h pretreatment was
used with a 16 h post-treatment, ®°¢Entries followcd by
: different letters are significantly different at P=~0.05 by
| one way analysis of varisnce. Each value is the mcan of
6 replications.

Influence of Osmnosic Trearmem vn Stable Transforma-~
. tion:
I Bialaphos- and glufosinate-resistant clones were iso-
H lated 6 to 8 weeks following bombardment. Most of thc
) herbicide-resistant lines exhibited intense GUS staining.
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Regardless of the level of GUS expression, all herbi ”
cidé-resistant clones analyzed to date contained the i

traduced DNA(s) (Fig. 3). Although most of the
sistant clones displayed a typical type II embryogeni
caltus phenotype, some of the callus lines underweniiy
limited differentistion on the maintepance medium and3®s
developing embryos could be seen along the surface of FERS:E
the callus. I
Maize cells placed on & medium contalning 0.4 M;
osmoticum for 4 h hefore and 16 h after bombardmen: i
gave u 6.8-fold increase in the number of stable N4
formants obtained from 100 ul PCV of tissue (Table 2); 32y
From cach 8,789 GUS-positive foci, 3.4 stubly trans: 3§53 .
formed embryogenic maize clones were recovend 1o
sulting in a transient-to-stuble conversion frequency of
0.04%. Transicni-to-stable conversion frequencies from: g
less than 1% for embryogenic cells (Finer and3®
McMullen 1990; Gordon-Kumm et al. 1990) to 10%38s g
(Russell e al. 1992; Spencer er al. 1990) for nonem: 5%;& .
bryogenic cells have been reported. Although the trnigieiEs
sient-to-stuble conversion frequency reported here i
lower than others have reported for maize, the numbes:
of stably-transformed cloncs obwmined per gram fresh:
weight of target tissue is 10-fold higher than previous!
reported (Gordon-Kumm ef al, 1990),
In an atternpt to optimize osmotic treatment effe
for stable transformation of embryagenic maize cells;
we tested various concentrations of osmoticum (0, 0.2
0.3, 0.4, 0.5 final total molar concentration) as pre~ and
post-treatments, Only the 0.4 M treatment gave o sif
nificant (P=0.05 by one way analysis of variance) iz
crease in stable trunsformation although all treatmeals:
resulted in an increase in the number of stable transfor:
mants versus the control (dats not shown).
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. Table 2. Effect of osmotic treatment on stable transformation of maize using particle bombardment.

Treatment # of filters bombarded # of iransformed clones!
(100 ul PCV of cells per filwr) per filter per bombardiment
- Cuntrol 32 0.5¢2
0.4 M osmoticum . 14 3.4 b

Clones were determined to be transgenic via cither GUS Staining und/or Southem hybridization analyses.
3Entrics followed by different lerters are significantly different at P=0.05 according to Chi-square analysis.

Osmoticum

4 6 95 ) 3 C 1 2 3 4 5 6 7«Clone

Xb
-23.1

jance. |

-2.3
-2.0

3. Southem hybridization analysis of glufosinate-
laphas-resistunt clones obtained with or without
cum teeatment. DNAs  from  sontrunsformed
cultures (C) and glufosinate- or bialaphag.re-
‘clones (pumbers refer to specific independent
‘was digested with Kprl. The membrane was hy-
‘with the CaMV 35S promater.

“believe that osmotic enhancement of transieat
oD and stable transformation of maize way fu-

A cells may be less likely (o extrude their proto.
following peactrstion of the cell by panicles
O ¢t al. 1990; Sanford er al. 1992). The plas-
Slate must be maintained for a few hours before
r bombardment to be the most effective. The
¥ that was usud to support the «ells may have
the cells from media changes 5o that the effects
Smotic pretrestment alone™ may bave beeq ex-
lo the post-trentment perivd. In addition 1o di-
ooure of cells to an osmolic agent, osmolic con-
B-can also bu atlained by partial drying of the
18ue (Fincr and McMullen 1990; Finer and

:through plasmolysis of the target cells. Plas- -

McMulleo 1991). The rutionale behind partial drying
was not discussed in these previous ruports.

Southern hybridization analysis of clones obtained
with or without osmoticum treatment revealed no clear
diffcrences in DNA intcgration patterns (Fig. 3). We
anticipated possible differeaces in hybridizations pat-
terns, specifically copy number of introduced DNA bhe-
cause plasmalyzed cells shuuld be able to tolerate pene-
tratiop by a larger number of pusticles, carrying more
DNA into the cells. The multiple hybridizing bands rep-
resent DNA rearrangements either before or after inte-
gration, fragmented plasmids or plant-plasmid DNA
borders.

Tn this report, the 2.7-fold eshancement in transient
expression led to a 6,8-fold increase in stuble transfor-
mation frequency. In addition (0 maintnining protoplasm
integrity, the osmotic treatment may also have been ben-
eficial for selection by reducing the cell growth and
therefore improving selection efficacy.

Transgenic Plant Recovery: )

Plants were routigely regenenated from teansgenic
embryogenic material (Fig. 4). Southern hybridization
anslysis of DNA from regenerated plants confirmed the
presence of foreign DNA in regenerated plants (data not
shown). Nontransformed plants were also obtaiged indi-
cating the chimaric nature of some callus lines. The
production of nontransformed plants could possibly be
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climinated if the selective agent was maintained during
" . the regencration process (Fromm ef al. 1990). Trans-
genic, GUS-positive progeny have been obtained from
plants regenzrated from callus lines containing the bar

gene as well us the bygromycin rusistance gene (data not
shown).

Conclusion

Use of the Pasticle Inflow Gun (PIG) with the proper
cell conditicning/preparation has provided an cfficient
system for transformation of maize. For efficient trans-
formation of plwnt cells using particle gun technology,
both physical and biologicsl parsmeters need to be eval-
uated. Improvement of the qualily of the starting mute-
rial as well as a reduction of stresses occurring during
hombardment can provide major enhancements for plant
trunsformation. This is the first roport showing osmotic
cahancement of transformstion of embryogenic cells.
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